Epidemiological data indicate the existence of a J-shaped association between alcohol consumption 2 and cardiovascular mobility and mortality. However, studies assessing the relationship between 3 alcohol consumption and pulse wave velocity (PWV) as a marker of arterial stiffness have provided 4 inconsistent results. In addition, data regarding the effect of alcohol on arterial stiffness in women has 5 been limited. This study aimed to clarify the relationship between alcohol consumption and PWV 6 among female and male workers in Japan. Study participants were local government employees in 7
analysis to investigate the association between alcohol consumption and mean baPWV using the 1 following three models: 1 = adjusted for age, SBP, and HR; 2 = adjusted for model 1 variables plus 2 menopausal status (for women), medication for diabetes, medication for hyperlipemia, BMI, TC, TG, 3 HDL-C, and fasting blood sugar (FBS); and 3 = adjusted for model 2 plus lifestyle factors 4 (educational background, frequency of exercise, and smoking status). In addition, to investigate the 5 non-linear relationship between alcohol consumption and baPWV, the estimated quantitative median 6 value for each category of alcohol consumption was included as linear and quadratic terms in the 7 model. Finally, to clarify the effect of age on the relation between alcohol and baPWV, we performed 8 stratified analyses by age group in men only, because the sample size was too small to analyze in 9 women. All analyses were conducted using JMP Pro software, version 10.0.0 for windows (SAS 10 Institute, Cary, NC, USA), and statistical significance was defined as a two-tailed P value of <0.05. A large number of women (46.7%) reported no consumption of alcohol compared with men 2 (27.7%). Characteristics of women participants stratified by the category of alcohol consumption are 3 reported in Table 1 . The mean PWV value was the lowest in the subjects belonging to the <10 g/day 4 alcohol consumption category compared with non-drinkers and subjects belonging to the heavier 5 categories of alcohol consumption, and was elevated with an increase in the amount of alcohol 6 consumed. SBP and diastolic blood pressure (DBP), HDL-C, and uric acid showed a positive linear 7 trend related to alcohol consumption, whereas low-density lipoprotein cholesterol (LDL-C) showed 8 an inverse linear trend. Table 2 shows the characteristics of male participants based on the alcohol 9 consumption category. The mean PWV value, age, and TG levels were the lowest in subjects 10 belonging to the <20 g/day alcohol consumption category compared with non-drinkers and subjects 11 belonging to the heavier categories of alcohol consumption. The mean PWV value increased with an 12 increase in the amount of alcohol consumed. SBP, DBP, HDL-C, FBS, and uric acid showed a positive 13 linear trend related to alcohol consumption, whereas LDL-C showed an inverse linear trend. The 14 results of multiple linear regression analysis for alcohol consumption and PWV by sex, adjusted for 15 potential confounders, are presented in Tables 3 and 4 . In women, non-drinkers had significantly 16 elevated PWV compared with subjects consuming <10 g/day of alcohol. In men, compared with those 17 who consumed 20-39 g/day of alcohol, non-drinkers and those who consumed <20 g/day and >60 18 g/day of alcohol had significantly elevated PWV. There was no change in this finding after adjustment 1 for the hormone replacement therapy included in the final models. In the present study, 2 postmenopausal hormone replacement therapy did not affect the association between alcohol 3 consumption and PWV. A J-shaped association between alcohol consumption and PWV was 4 significant for men and marginally significant for women, after adjustment for various arteriosclerotic 5 risk factors (P for quadratic term = 0.056 in women and 0.036 in men). We also examined effect 6 modification by age group (<45 years and >45years) for men (Table 5) . A significant J-shaped 7 association was found for men >45years (P for quadratic term = 0.005), but not for the younger age The present study showed that in women, non-drinking was significantly associated with higher 2 PWV compared with drinking of <10 g/day of alcohol. In men, non-drinkers and those who drank <20 3 g/day and >60 g/day had significantly higher PWV compared with those who drank 20-39 g/day. We 4 examined whether the effects of alcohol consumption on PWV were linear or not, by testing a 5 quadratic term in the model containing potential confounders. A J-shaped association between alcohol 6 consumption and PWV was significant for men and marginally significant for women. In the analyses 7 stratified by age group, the protective effect of light alcohol consumption was evident only for men 8
>45years. 9
To the best of our knowledge, there are a limited number of studies reporting the association 10 between alcohol consumption and PWV in women. A cross-sectional study in Japanese-American 11 women evaluating drinking history reported that the risk for high PWV was lower among current 12 drinkers and ex-drinkers than among non-drinkers.
[23] Two cross-sectional studies in Dutch women 13 suggested that light-to-moderate alcohol consumption, evaluated on the basis of glass per day or week, 14 is associated with lower PWV. [16, 17] The advantages of our study include large sample size and 15 more detailed estimation of the average daily alcohol consumption. Our results demonstrated that 16 women who consumed a low amount of alcohol (1-10 g/day) had lower PWV compared with 17 non-drinkers. This association was not affected by controlling for potential confounders. However, a 18 J-shaped association between alcohol consumption and PWV was marginal in women. It may be that 1 the numbers of women in our study, particularly in the group of 20-29g/day and 30g/day, were too 2 small for statistical detection of a J-shaped association. Further research is needed to clarify the 3 effect of alcohol consumption on arterial stiffness in women. 4
In men, a few studies investigating the effect of alcohol on PWV have reported conflicting results. 5
A follow-up study in Japanese men suggested that alcohol consumption was not related to PWV. [14] 6
Whereas a longitudinal study and a cross-sectional study in Japanese men reported that alcohol 7 consumption was associated with increased PWV. [15, 24] Cross-sectional studies in Dutch 8 middle-aged men and a follow-up study in Japanese men suggested the protective effects of 9 light-to-moderate alcohol consumption on PWV. [13, 25] Consistent with these two studies, we found 10 a J-shaped association between alcohol consumption and PWV. However, the sample size of the 11 previous two studies was comparatively small, while that of ours was larger. Men who did not 12 consume alcohol and those who consumed <20 g/day and >60 g/day of alcohol had significantly 13 higher PWV compared with those who consumed 20-39 g/day of alcohol. We also examined effect 14 modification by age among men; a J-shaped association was evident for men >45years, but not for 15 younger male adults. Consistent with the present study, a cross-sectional study reported that the 16 protective effect of alcohol on PWV was not evident in young Dutch men.
[17] They suggested that 17 the beneficial effect obtained by moderate alcohol consumption in younger adults may be negligible 18 for lower risk of coronary heart disease. The association between alcohol consumption and PWV, as a 1 marker of early stage atherosclerosis, might be influenced by age. 2
With regard to both women and men, our results indicated that light-to-moderate alcohol 3 consumption among healthy Japanese workers was associated with reduced PWV, a marker of arterial 4 stiffness. It would represent a plausible explanation for the beneficial health effect of alcohol. Some 5 Japanese cohort studies reported that light to moderate alcohol consumption, <23g/day for women and 6 <46g/day for men, was associated with a reduced risk of cardiovascular disease. [3, 21] 7
The mechanisms underlying the association between alcohol consumption and arterial stiffness are 8 not completely understood. The protective effect on arteriosclerosis induced by light-to-moderate 9 alcohol consumption may involve increasing HDL-C and improving lipid metabolic pathways. [6, 26] 10
In this study, the association between alcohol consumption and PWV remained after adjustments for 11 serum lipid levels. The hypothesized beneficial relationship between alcohol consumption and arterial 12 stiffness might also be associated with a decrease in inflammatory mediators such as interleukin-6, 13 C-reactive protein, and tumor necrosis factor-alpha, improving insulin sensitivity and insulin 14 resistance, and improving various metabolic pathways, such as vascular endothelial cell nitric oxide 15 production. [6, 7, 27, 28] In contrast, excess alcohol consumption may elevate blood pressure, [6] an 16 important determinant of arterial stiffness, through several mechanisms, such as influencing the 17 vascular smooth muscle or stimulating the sympathetic nervous system or the 18 renin-angiotensin-aldosterone system.[29] Therefore, the effects of alcohol consumption on arterial 1 stiffness have a dual contribution to the J-shaped association. These diverse mechanisms should be 2 considered when evaluating the protective and adverse effect of alcohol on arterial stiffness. 3 Several limitations should be considered when interpreting our results. First, because our study had 4 a cross-sectional design, the causal nature of the association between alcohol consumption and PWV 5 cannot be determined. Second, because the response rate of our study was rather low (women 47.9%, 6 men 48.2%), our subjects might not necessarily be representative of the general group of civil servants 7 in Japan. However, because the average amount of alcohol consumed in our study did not differ from 8 that by the general Japanese population, [30] we believe that our results were minimally affected by 9 the population segment evaluated. Third, we relied on self-reported alcohol consumption in the 10 present study, which could be susceptible to misclassification, particularly by those belonging to the 11 heavier drinking category.
[31] However, since we observed a positive correlation between alcohol 12 consumption and HDL-C, selective underestimation of heavy drinkers seems unlikely. Fourth, 13 although we focused on the importance of the amount of alcohol consumed, information on drinking 14 patterns may be equally important. However, the percentage of heavy drinkers who reported 15 consumption of a large amount of alcohol at one time was less than 2% for both women and men. 16
Thus, it appears that binge drinking rarely occurred among our subjects. Fifth, we also considered the 17 possibility of confounding dietary factors, which have not been measured in detail. Japanese 18 population consume large amount of fish and salt. However, the magnitude of association between 1 alcohol consumption and PWV was not influenced, even when adjusted for brief information about 2 frequency intake of fish and salt. Sixth, as mentioned before, physical characteristics influence PWV 3 measurements, and in a previous study an inverse relationship between body height and 4 carotid-femoral PWV was reported.
[32] While, the instrument that we used calculates the distance 5 between sampling points of baPWV according to the height of the subject automatically. [20] In 6 previous baPWV studies, the value was usually adjusted not for height but for BMI. Therefore, we 7
showed BMI adjusted baPWV. Finally, because of the small sample size in women, it is possible that 8 the J-shaped association between alcohol consumption and arterial stiffness was not detected. 9
10

Conclusion 11
The results of our study indicate that light-to-moderate alcohol consumption may be associated 12 with reduced PWV as a marker of arterial stiffness in middle-aged Japanese women and men. Since 13 the effect of alcohol consumption on arterial stiffness may contribute to a reduction in the incidence of 14 cardiovascular disease, further research is needed to examine the most appropriate amount of alcohol, 15 which could be suggested as a modifiable lifestyle factor. 16
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